Corticosterone, the endogenous corticosteroid hormone of the rat, is released from the adrenal gland into the circulation. It passes the blood-brain barrier and binds to intracellular receptors in the brain (for reviews, see McEwen et al., 1986; de Kloet, 1991) . Two receptor types have been distinguished, based on binding characteristics and primary structure: the mineralocorticoid receptor (MR), which binds corticosterone with a high affinity (Kd -0.5 nM), and the glucocorticoid receptor (GR), with an approximately 1 O-fold lower affinity for corticosterone (Reul and de Kloet, 1985; Arriza et al., 1987; Funder et al., 1988) . Due to the differential affinity, low corticosterone levels will predominantly occupy MRs, while high concentrations of corticosterone will additionally activate GRs (Reul and de Kloet, 1985) . After binding of corticosterone to the receptors, the steroid-receptor complex acts as a transcription factor on specific genes. In addition to the intracellular receptors, membrane receptors may be present in the brain (Orchinik et al., 199 1) . Pyramidal neurons in the rat CA1 area contain both MRs and GRs (van Eekelen et al., 1988; for review, see de Kloet, 1991) . In previous studies we and others have shown that activation of the steroid receptors affects the neuronal excitability in the CA 1 region. Thus, MR occupation decreases whereas GR activation increases with a considerable time lag the accommodation and afterhyperpolarization (AHP) of CA1 neurons associated with short depolarizing pulses (Joels and de Kloet, 1989 Kloet, , 1990 Kerr et al., 1989) ; protein synthesis is required for the development of these steroid-mediated actions (Karst and Jo&, 199 1). Furthermore, MR and GR activation interferes with transmitter responses, mediated via G-protein<oupled receptors such as the Pl -adrenergic (Joels and de Kloet, 1989) and S-HT,, receptors (Joels et al., 199 1) . In general the actions of the steroid, both on intrinsic and on transmitter-evoked cellular responses, were such that MR activation served to maintain or even enhance cellular activity in the CA 1 region whereas additional GR activation led to a suppression of excitability (Joels and de Kloet, 1992) .
The activity of the CA1 neuronal network depends, in addition to the intrinsic properties of the cells of the network, to a considerable degree on the amino acid-mediated transmission. Thus, the CA1 pyramidal neurons receive a major excitatory glutamatergic input through the Schaffer collaterals (for review, see Lopes de Silva et al., 1990 spike (Rey et al., 1987 (Rey et al., , 1989 . The GR-mediated actions appear at lower corticosterone concentrations if the extracellular Ca level is raised (Talmi et al., 1992) , supporting a role of calcium in GR-mediated effects (Kerr et al., 1989 This is supported by a recent study of Zeise et al. (1992) showing that very high doses of corticosterone depress particularly the GABA, receptor-mediated IPSP. In the present study, we have employed intracellular recording methods to study the effect of MR and GR activation on synaptically evoked EPSPs and IPSPs, and on intrinsic membrane properties of CA 1 pyramidal cells. We studied possible fast effects of the steroids by comparing CA1 cell responses before, during, and up to 1 hr after a brief (20 min) steroid application in vitro. In a second series of experiments we investigated delayed steroid actions by comparing responses of neurons recorded before and l-4 hr after steroid administration.
Materials and Methods
Preparation of the tissue. Male Wistar rats (n = 60, TNO-Zeist, 120-160 gm) were adrenalectomized or sham-operated as described before (Ratka et al., 1988; Joels and de Kloet, 1990) . The animals were kept for 4-7 d in an animal house with an alternating light (8.00 A.M. to 8.00 P.M.)/dark (8.00 P.M. to 8.00 A.M.) cycle, and received food and water (sham) or saline (ADX) ad libitum. On the day ofthe experiments, the animals were transferred to a novel environment (new cage) and decapitated after 30-60 min. The trunk blood was collected for later analysis of the plasma corticosterone level with a radioimmunoassay. Animals with less than 1 pg corticosterone/lOO ml plasma were considered to be successfully adrenalectomized. After decapitation, the brain was removed from the skull and dipped in ice-cold buffer ofthe following composition (in mM): NaCl, 124; KCl, 3.5; NaH,PO,, 1.25; MgSO,. 7H,O, 1.5; CaCl,, 2; NaHCO,, 25; and glucose, 10. Transverse slices (350 pm) from the dorsal hippocampus were cut on a tissue chopper. The slices were then transferred to the recording chamber, where they were continuously submerged (2 ml/min) by warmed (32°C) oxygenated (95% O,, 5% CO,) buffer. Corticosterone, aldosterone (Organon Int.
Ltd., Oss, The Netherlands), the selective GR agonist RU 28362, and GR antagonist RU 38486 (Roussel-Uclaf, Romainville, France) were dissolved in 90% ethanol as a 1 mM stock solution for each experiment. Immediately before testing, the steroids were diluted to the intended concentration in oxygenated buffer and then added to the superfusion medium.
Recording and stimulation.
Neurons in the pyramidal cell body layer of the CA 1 area were impaled with a glass, 4 M K-acetate-filled micropipette (80-l 50 MQ). The signal was transferred, amplified, and filtered with conventional methods as described elsewhere (Joels and de Kloet, 1990) . For analysis, data were plotted on a Gould colorwriter, fed into a Gould 2200 pen recorder, and/or saved on a Vetter videocassette recorder. Only neurons displaying typical characteristics of pyramidal cells (Schwartzkroin, 1975) a stable resting membrane ootential of at least -60 mV, input resistance of at least 20 Ma, and action potential of at least 80 mV were incorporated in the present study. Synaptic responses were evoked by a stimulation electrode placed on the Schaffer collaterals. The stimulation electrode consisted of two stainless steel, Trimel-coated wires (60 Frn in diameter) through which we applied monophasic pulses of 150 rsec. Only experiments in which maxim;! synaptic responses were obtained with a stimulation intensity of less than 200 PA were included in the study. The fluid level in the bath was consistently kept at the same level, throughout each experiment.
Experimental protocol. In each CA1 pyramidal cell we established the resting membrane potential, input resistance, the afterhyperpolarization (AHP) evoked by a 50 msec depolarizing pulse of 0.5 nA, and the number of spikes induced by a 500 msec depolarizing current pulse of0.5 nA (accommodation).
In addition, we established the synaptically evoked excitatory and inhibitory potentials. Typically, strong synaptic stimulation evoked an action potential superimposed on an EPSP, followed by a fast IPSP (fIPSP) and a slow IPSP (sIPSP; see Fig. 1 ). This agrees with data from literature (for review, see Nicoll et al., 1990 ) and represents the glutamatergic response mediated predominantly via cu-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors (EPSP), the GABAergic response mediated via the GABA, receptor (IIPSP), and GABAergic response mediated via the GABA, receptor (sIPSP). Since the reversal potential for the fIPSP is between -70 and -75mV (Dingledine and Gjerstad, 1980; Alger and Nicoll, 1982b ; see also Table l), small spontaneous or steroid-induced shifts in resting membrane potential may result in relatively large changes of the fIPSP amplitude.
For this reason, we chose to record the synaptic responses at two fixed membrane potentials reached by injecting current through the recording pipette. We selected the membrane potential at which the EPSP amplitude could be measured in the absence of a II PSP, that is, at the reversal potential for the fI PSP (E,,,,) , and the potential at 7 mV depolarized from this reversal potential (E,,npsp+'7), which was usually around the resting membrane potential (see Fig. 1 ). The stimulus intensity that was just subthreshold for evoking action potentials at E r."PSP was designated as "maximal" intensity. While the maximal intensity was just subthreshold for action potentials at E,,,,,, it usually was suprathreshold at E,,,,,, + 7. Because putative steroid-mediated increases ofsynaptic responses may remain unnoticed with maximal stimulation, we also recorded responses with a half-maximal stimulus intensity. For each of the four stimulation conditions, we established averages of four sweeps in order to minimize the influence of small variations between successive, synaptically induced responses. The interval between successive sweeps was approximately 7 set and was kept constant during the entire recording session. The EPSP amplitude that was used for comparison ofgroups was recorded at E,,,,, with maximal and half-maximal stimulation.
The fIPSP and sIPSP were established as the first and second hyperpolarizing phases, respectively, from the maximal stimulation at E,,,, +7; the sIPSP was also-measured at E,,,,,. We also auantified the transitional shift (TS) between the BPSP and sIPSP, by-interconnecting the peak amplitudes of the ffPSP and sIPSP as shown in Figure 1 .
In neurons where we studied short-term effects of the steroids, we recorded responses to synaptic stimulation once every 10 min, for a total of 80 min. Thus, we recorded synaptic responses for 20 min before steroid application (at t = 0, 10, and 20 min), during the steroid treatment (at t = 30 and 40 min), and up to 40 min after steroid application was terminated (at t = 50, 60, 70, and 80 mitt). Aldosterone, corticosterone, and RU 28362 were applied for 20 min, between t = 20 and t = 40 min. In addition to the synaptic responses, we also established the input resistance, AHP amplitude, and accommodation at the end of the steroid perfusion (t = 40 mitt) and 40 min later (t = 80 min), at resting Figure 1 . Experimental protocol for studying synaptic responses in CA I pyramidal neurons. We first established the reversal potential for the flPSP (E,,,, ) and a potential that was 7 mV depolarized from this reversal (E,n,.sp+7), by injecting DC through the recording pipette. At E ,nPSP we selected the stimulus current intensity that was just subthreshold for the induction of an act&n potential (mar; 0 action potentials out of four stimuli) and the half-maximal current intensity (I/ 2 max). At the depolarized potential the maximal stimulus intensity was usually suprathreshold for the induction of an action potential (four action potentials out of four stimuli). Inset, For the quantification of the transitional shift between the flPSP and sIPSP we connected the peak of the ff PSP and sIPSP and established the maximal amplitude of the depolarizing shift (arrow). All traces are averages of four sweeps, plotted on a Gould colorwriter. Action potentials are truncated. Calibration: 5 mV (4.3 mV for inset), 100 msec (87 msec for insef). membrane potential. The data obtained for nonsynaptic and synaptic responses at t = 40 and 80 min were statistically compared with the data at the start of the experiment (I = 0 min) with a paired Student's t test. The experiments in slices from sham rats and in slices from ADX rats (with or without steroids) were randomly performed.
For the study of long-term effects, we recorded resting membrane potential, input resistance, AHP and accommodation, and synaptic responses in neurons before steroid application and compared these with the values obtained in different neurons in the same slice 14 hr after a 20 min steroid application. The values of all groups were first tested with a one-way analysis of variance; if this test indicated that there were differences between the experimental groups (p < 0.05), the steroidtreated groups were compared with the ADX-group with an unpaired t test.
Results
In total, we recorded from 137 neurons in the pyramidal cell body layer of the CA1 area. These neurons displayed typical characteristics of pyramidal cells in vitro (Schwartzkroin, 1975) , such as a resting membrane potential between -65 and -70 mV, resistance between 45 and 50 MQ, very little spontaneous activity, strong accommodation of the spike firing frequency during a depolarizing current pulse, and a clear AHP following the termination of the depolarizing current pulse (see Table 1 ). Synaptic stimulation of the Schaffer collaterals in slices from ADX rats typically evoked an EPSP followed by an ff PSP, which peaked around 30 msec, and an sIPSP, which reached a maximum at approximately 200 msec (see, e.g., Fig. 1 ). Directly after impalement of the cell, the responses were apparently similar to those obtained in the sham-operated animals that have an intact pituitary-adrenal axis (see Table 1 ). We first tested the stability of the synaptic and nonsynaptic properties of neurons in ADX slices over a period of 80 min and next examined the changes in these properties as a result Comparison between synaptically and current-induced hyperpolarizations in the same CA1 neuron. The response induced by a short current injection through the recording pipette is superimposed on a synaptic response at E,,,,, +7 with maximal current intensity. Typically, the current-induced response evoked only a rather small, fast AHP, while no slow AHP was observed.
of corticosteroid treatment. Previously we had shown that particularly the slow AHP in CA1 neurons is under control of corticosteroids (J&ls and de Kloet. 1989 Kloet. , 1990 . Since the peak amplitude of the fIPSP and sIPSP coincides in time with the peak of the fast AHP and slow AHP (Hotson and Prince, 1980; Gustafsson and Wigstrom, 1981; Lancaster and Nicoll, 1987) , we first needed to establish how much of the ff PSP and sIPSP amplitude at E,,,,, + 7 was actually caused by the AHPs, evoked by the preceding EPSP and spike. To test this, we compared the synaptic response with the ceflular response to a brief depolarizing current injection evoking a single action potential, at the same membrane potential (Fig. 2) . It appeared that a brief current-induced depolarization of similar duration as the EPSP resulted in a fast AHP that amounted to only 23.7 -C 4.3% (mean + SEM, n = 10) of the flPSP in the same cell, while in no case did we observe a slow AHP. Therefore, we assume that possible effects of the steroids on the fast and particularly slow AHP probably did not interfere to a great extent with steroidmediated actions on the synapticahy induced IPSPs.
Short-term effects
Over a recording period of 80 min, resting membrane potential, input resistance, AHP amplitude, and accommodation did not change significantly in CA 1 neurons of slices from ADX animals (data not shown). As to the synaptic responses, three observations were made (see example in Fig. 3a and averaged data in Figs. 4, 5) . First, the amplitude of the EPSP (both at maximal and half-maximal intensity) was slightly but not significantly reduced after repeated stimulation; the fIPSP was not changed. Second, the amplitude of the sIPSP was significantly reduced, particularly at E,npsp +7. Since we found that only approximately 20% of the IPSPs can be attributed to the induction of a fast AHP at E ,,nBp+7, we examined at which point in time the averaged amplitude of the sIPSP was decreased by more than 20%. It appeared that the amplitude ofthe sIPSP at E,,,,,+7 was decreased by more than 20% from 60 min after the start of the recording onwards. Finally, the probability for inducing synaptically driven action potentials at El."=,,+7 decreased significantly over time. This decrease in synaptically evoked spikes was not accompanied by a change in the spike threshold (n = 5; Fig. 36 (0) changed little during the 80 min recording period. Similarly, the fIPSP recorded at E,,,,, + 7 mV (0) remained stable over the entire period. Yet, the amplitude of the sIPSP at Er,fI PSP + 7 mV (+) gradually declined. For this particular neuron the probability for evoking a synaptically induced action potential declined from 1 at t = 0 min to 0 at t = 40 and t = 80 min; the input resistance was 46, 52, and 52 MQ, respectively, at t = 0, 40, and 80 min. Representative synaptic responses recorded shortly after impalement of the neuron (t = 0 min) and after 80 min are shown on the right. Arrows indicate the amplitude of the EPSP after 80 min. Note that at E,,,,, + 7 no more action potentials were evoked after 80 min. B, Synaptic responses (left truces at t = 0 and t = 80 min) in another CA1 cell. The number of synaptically evoked spikes was reduced from four of four stimuli at t = 0 min to one of four at t = 80 min and the amplitude of the sIPSP was reduced. In the same cell the threshold for the induction of an action potential with DC current injection (0.4 nA for 10 msec) was not changed. Calibration for synaptic responses in A and B: 5 mV, 100 msec; all synaptic responses are averages of four sweeps. Calibration for current-induced action potentials in B: 20 mV, 5 msec.
situation (see example in Fig. 6 ; see also Figs. 4, 5) . A small but significant (p < 0.05) depolarization was observed over time (from -68.0 f 1.0 mV at t = 0 min to -64.0 f 1.4 mV at t = 80 min), whereas input resistance, accommodation, and the amplitude of the AHP were not significantly affected. With respect to the synaptic responses we observed that the amplitude of the EPSP and fl PSP remained stable over time (see example in Fig. 6 ; see also Figs. 4, 5) . In contrast to the synaptic responses in untreated slices from ADX rats, the probability for inducing a synaptically driven action potential at Er,npsp+7 did not decrease over time, when slices were treated for 20 min with aldosterone. The amplitude of the sIPSP at Er,npsp+7 but not at E ,,npsp decreased significantly after repeated synaptic stimulation; the averaged decrease in amplitude did not amount to more than 20% during the entire 80 min recording period.
Ifwe applied 30 nM corticosterone, a concentration that probably occupies both MRs and GRs (Reul and de Kloet, 1985) , cellular responses changed in several respects over time (see example in Fig. 7) . First, the EPSP amplitude at maximal and half-maximal intensity was significantly reduced (Figs. 4, 5) . Second, the sIPSP in contrast to the fIPSP was reduced both at E r.npsp and at -Lpsp +7. The averaged decrease of the sIPSP at E ,,npsp+7 reached a value of 20% at 60 min after the start of the recording. Finally, the number of synaptically evoked action potentials was greatly reduced. All changes in synaptic responses were already significant at 20 min after steroid application was started. Membrane potential, input resistance, accommodation, and AHP did not change significantly during or after corticosterone application, when compared with the values obtained in the same neurons before steroid administration.
If we used RU 28362, a selective GR agonist (Philibert and Moguilevski, 1983) , instead of the mixed agonist corticosterone, similar changes in synaptic responses were observed, although here the decrease in EPSP amplitude was only observed at half-maximal stimulus intensity (Fig. 4) . The averaged decrease of the sIPSP amplitude at E,,,,, $7 already exceeded a value of 20% at 50 min after the start of the recording. Nonsynaptic responses were not affected significantly by RU 28362.
We also recorded synaptic and nonsynaptic responses during an 80 min period in neurons from sham-operated rats. We selected rats that had comparable plasma corticosterone levels (i.e., -10 Mg corticosterone/lOO ml plasma) at the moment of decapitation. Neurons (n = 6) in slices from sham-operated rats that were recorded over a period of 80 min displayed quite stable synaptic responses (Figs. 4, 5) , resembling the stability observed in the aldosterone-treated slices from ADX rats. Thus, the amplitude of the EPSP, both with maximal and with halfmaximal stimulus intensity, and the amplitude of the ff PSP did not change significantly over a recording period of 80 min. Similarly, the probability for inducing a synaptically driven ac- and probability for evoking a synaptically driven action potential (lower panel). The data were collected from neurons in slices from ADX rats (ADX, n = 7), in slices from ADX rats that were perfused for 20 min (between 20 and 40 min after the start of the recording period) with 3 nM aldosterone (ADX+ALDO; n = 6) with 30 nM corticosterone (ADX+CORT; n = 6), or with 30 nM RU 28362 (ADX+RU28362; n = 5) and in slices from sham-operated controls (SHAM, n = 6). The bars represent the synaptic parameters, at three time points: (1) at the start of the 80 min recording period (open bars); (2) at 40 min after the start of the experiment (stippled bars) , that is, 20 min after onset of steroid hormones, in the case of steroid-treated ADX slices; (3) at 80 min after the start of the recording period (hatched bars) , that is, 60 min after onset of the steroid application, in the case of steroid-treated ADX slices. The synaptic responses recorded at 40 or 80 min after onset of the recording period were compared with the values at t = 0 min, with a paired Student's t test (Ir, p < 0.05; 0, p -c 0.01). tion potential at E,,,, +7 remained stable over the entire recording period. The amplitude of the sIPSP at E,,.npsp+7 was significantly reduced after 80 min. However, this decrease did not exceed a value of 10% during the entire 80 min recording session. Nonsynaptic responses, such as the resting membrane potential, input resistance, accommodation, or amplitude of the AHP, were not significantly altered over time.
The averaged E,,,, for the various groups ranged from -72.5 to -74.8 mV, at the beginning of the 80 min recording period. As gradual shifts in the E,,,,,, during the recording session of 80 min may affect the amplitudes of the EPSP and the sIPSP over time, we examined if the Esnpsp remained stable during the recording sessions. In none of the experimental groups did we observe changes in the E,,,, over the recording period of 80 min. Neurons where we tested the effect of ethanol only, for 20 min (up to 0.05%, vehicle for steroids; n = lo), were indistinguishable from the non-ethanol-treated ADX group, with respect to their synaptic and nonsynaptic properties (not shown).
Long-term effects
In Table 1 , the intrinsic and synaptic properties of CA 1 neurons recorded l-4 hr after steroid application, in the absence of repeated stimulation, are compared to the values obtained before steroid treatment. Resting membrane potential and input resistance varied little between groups. However, the AHP amplitude was clearly enhanced in slices from ADX rats superfused for 20 min with corticosterone or RU 28362, and in slices from sham-operated rats, when compared to the neurons in untreated ADX slices. No significant changes were observed for either the EPSP, BPSP, or sIPSP amplitudes, irrespective of repeated stimulation of other cells in the same slice, 14 hr earlier. Although the EPSP tended to be somewhat smaller in slices from ADX rats, and the fIPSP and particularly the sIPSP were relatively small in the aldosterone-treated slices, these differences did not attain statistical significance. By contrast, the TS (transitional shift) between the fIPSP and sIPSP was significantly larger in slices from sham-operated rats or slices from ADX rats treated with RU 28362 when compared to the nontreated ADX slices (Fig.  8) . If stimulation intensities required to evoke maximal responses were compared for a group of neurons recorded after steroid treatment with the group of neurons recorded in the same set of slices before steroid application, no significant or consistent changes were observed in any of the groups (as tested with a paired t test). (0) recorded at E,,,,, and of the fIPSP (0) and sIPSP (+) recorded at E ,,,,,+7 remained stable over the entire recording period. The firing probability also remained stable (1, 0.75, and 1 at t = 0, 40, and 80 min, respectively), as did the input resistance (42, 41, and 46 MQ, respectively, at t = 0, 40, and 80 min) . Bottom, Representative synaptic responses obtained in this cell before and 1 hr after a 20 min application of 3 nM aldosterone.
Discussion
In this article we describe steroid-mediated actions on synaptically evoked firing and on the amplitudes of EPSPs, fIPSPs, and sIPSPS in CA1 pyramidal neurons. We observed that in slices from ADX animals synaptic responses were seemingly very similar to the responses in slices from sham-operated controls and to responses described previously in literature for naive animals (for review, see Nicoll et al., 1990) . Therefore, possible changes in synaptic circuitry secondary to the adrenalectomy (Sloviter et al., 1989; Gould et al., 1990) do not seem to affect the responses. However, if the slices were repeatedly stimulated, neurons impaled with a microelectrode gradually became unable to respond to this stimulation with an action potential. A 4 d post-ADX period seems to be critical for the development of this synaptic instability; thus, we recently observed with extracellular field potential recording in the same experimental preparation that synaptically induced population spikes decay after repeated electrical stimulation in slices from 4-7 d but not 2 d ADX rats (Joels and Fernhout, 1993) .
The presently described decrease in firing probability ofaction potentials was not accompanied by changes in input resistance or in the reversal potential for the fIPSP, our reference point for synaptic stimulation. It also was not due to a change in the firing threshold, since action potentials evoked in the same neuron with current injection were not attenuated. The accompanying decrease in the EPSP amplitude was relatively small and not significant. However, we cannot exclude that at the threshold for induction of action potentials a small decrease in the EPSP amplitude results in a relatively large decrease in the number of synaptically evoked spikes. Attenuation of the induction of spikes may in turn reduce the feedback inhibition in the CA1 area. Accordingly, the sIPSP amplitude decreased significantly over time. However, the decrease in sIPSP amplitude cannot be fully attributed to the attenuation of action potentials, since (1) the fI PSP did not decrease in parallel with the sIPSP and (2) the sIPSP amplitude was also (though less clearly) decreased at E r.nPsP~ where from the start of the experiment no action potentials were evoked by synaptic stimulation.
We wondered why CA1 pyramidal cells of ADX rats, when repeatedly "challenged," failed to transmit the synaptic signal. It seems unlikely that the in vitro conditions per se cause the The synaptic and nonsynaptic responses in CA1 neurons were recorded before steroid treatment (ADX) or l-4 hr after a 20 min perfusion with 30 nr.r RU 28362 (RU28362), 30 nM corticosterone (CORT), or 3 nr.r aldosterone (ALDO). We also recorded properties of neurons in slices from sham-operated rats (SHAM). The following nonsynaptic properties were routinely recorded (1) resting membrane potential (V,,,, in mV), (2) input resistance (R,., in Mt2), (3) the amplitude of the AHP following a 0.5 nA depolarizing current pulse of 50 msec duration (AHP, in mV), and (4) the number of spikes evoked by a 0.5 nA depolarizing current pulse of 500 msec duration (Accom). In addition, we established synaptic properties: (1) the amplitude of the EPSP evoked at E,,,,, with maximal current intensity (EPSP, in mV), (2, 3) the amplitude of the BPSP and slPSP at E,,,,,+7 (flPSP and slPSP, respectively, in mV), (4) the amplitude of the TS between the peak of the BPSP and slPSP (TS, in mV), and (5) the reversal potential for the flPSP (Z?,, in mV). We have also indicated the putative MR and GR occupation for the different groups. All data are mean f SEM for n neurons. For each parameter we applied a one-way ANOVA. If the test indicated that not all groups were equal, we subsequently tested each of the steroid-treated groups against the nontreated ADX controls with an unpaired t test; *, p < 0.05. Particularly the amplitudes of the maximal EPSP and sIPSP declined over time. The probability for inducing a synaptically evoked action potential was reduced from 1 at t = 0 min to 0 at t = 40 and 80 min; the input resistance changed from 37 MQ at t = 0 to 38 and 44 MQ at t = 40 and 80 min, respectively. Bottom, The reduction of the EPSP and sIPSP amplitudes and the probability for inducing synaptically evoked action potentials is also obvious from the representative synaptic responses obtained in the same cell before and 1 hr after a 20 min application of corticosterone.
decreased effectiveness of synaptic transmission over time, since CA 1 cells in slices that were incubated for more than 6 hr showed initially "normal" synaptic responses, which then decayed after repeated stimulation. It is possible that the glucose metabolism in ADX slices is disturbed such that energy-dependent processes slowly fail to work. This is corroborated by the finding that local cerebral glucose utilization is increased in acutely ADX rats (Kadekaro et al., 1988) . Interestingly, the decreased effectiveness of synaptic transmission could be largely prevented if the slice was exposed to 3 nM aldosterone for 20 min. This concentration of the mineralocorticoid was previously shown to induce long-term MRmediated actions (Jo&ls et al., 199 1) . Based on binding studies we assume that most of the MRs and not all of the GRs will be occupied by 3 nM aldosterone (Reul and de Koet, 1985) . Therefore, occupation of at least the MRs seems to be essential for the maintenance of synaptic transmission in the CA1 area, as was previously already proposed (Joels and de Kloet, 1992).
If not only MRs but also GRs were fully occupied, using 30 nM corticosterone (Reul and de Kloet, 1985) the synaptic efficacy decreased again. In this case, EPSP amplitudes were clearly diminished, as well as the firing probability for synaptically evoked action potentials. These effects are rather independent of the MR occupation since the selective GR agonist RU 28362 was also able to reduce EPSP amplitude and synaptic firing. Therefore, the transmission of synaptic signals in the CA 1 area seems to be optimal in a situation where most of the MRs but not all of the GRs are occupied. Transmission is less efficient when either no steroid receptors are occupied or both MRs and GRs are occupied at the same time. This observation fits with a recent study by Bennett et al. (199 1) showing that the development of primed burst potentiation in anesthetized rats was optimal with moderate serum corticosterone levels, as opposed to very high or low corticosterone levels. This could mean that under "average steroid conditions" for the rat (Dallman et al., 1987) transmission of excitatory and inhibitory signals is optimal, while under conditions of increased adrenocortical activity, for example, after stress, synaptic efficacy is temporary diminished. Extremely high steroid levels (> 1 PM) may specifically diminish the synaptic inhibition (Zeise et al., 1992) potentially leading to excitotoxicity (Sapolsky et al., 1988; Elliot and Sapolsky, 199 1) .
Previously, we have shown that MR and GR occupation induces changes in current-or transmitter-induced responses of CA1 neurons, with a delay of at least 1 hr (Joels and de Kloet, 1989 Kloet, , 1990 Jo&ls et al., 199 1) . If we used a similar protocol to compare synaptic responses before steroid application with responses in other neurons tested l-4 hr after steroid treatment, we observed only a difference in the amplitude ofthe TS between the fIPSP and sIPSP. Thus, the TS in slices from sham-operated animals or ADX slices treated with RU 28362, on the one hand, was increased, compared to the untreated ADX slices or slices receiving aldosterone on the other hand. Many processes may underlie the long-term GR-dependent change in the TS. First, the kinetics of the ffPSP and sIPSP may have been changed, resulting in an altered shape of the transition between these two synaptic potentials. To establish this we will have to investigate the shape of pharmacologically isolated fIPSP and sIPSP separately. Second, a depolarizing shift in the IPSP has been attributed to a dendritic, extrasynaptic GABA, receptor-mediated response (Alger and Nicoll, 1982a) . It is feasible that steroids
